Study design: Systematic literature review.
OBJECTIVE
To critically appraise and summarize evidence on risk factors for DS.
MATERIALS AND METHODS

Study design: Systematic review.
Search: PubMed and bibliographies of key articles (Fig 1) .
Dates searched: The search was conducted through October 15, 2011 ; no time limits were placed on the search.
Inclusion criteria:
Articles addressing the prognostic factors for lumbar degenerative spondylolisthesis ( Table 1) .
Exclusion criteria: Studies of patients with isthmic spondylolisthesis, fractures of the lumbar spine, tumor, or iatrogenic spondylolisthesis were excluded.
Prognostic factors:
• Sociodemographic/patient characteristics (age, gender, race, BMI, pregnancy status/history) • Activity/work (occupational exposures, sport) • Radiographic measures (disc height, lordosis/angles) • Anatomical characteristics ( lumbar facet morphology)
Analysis:
Descriptive.
Details about methods can be found in the electronic supplemental material at www.aospine.org/ebsj
RESULTS
• From 382 citations, 30 underwent full-text review. Fourteen studies met the inclusion criteria for assessing risk factors associated with DS. All studies were cross-sectional; most of which (12) were considered poor quality, only two were considered good quality (CoE II), and only three considered confounding factors. Web Appendix Section 4a provides the critical appraisal for these 14 studies, and Web Appendix Section 6 describes the reasons for excluding studies.
Common prognostic factors evaluated in multiple studies
• Evidence across five studies reporting on the association between age and risk of DS is inconclusive, but studies that controlled for confounding suggest the risk of DS increases with increasing age ( Table 2) . • Two studies used multivariate models to evaluate the association between age and DS. In one, a 1-year increase in age was associated with a 9% increase in risk of DS (odds ratio [OR] = 1.09; 95% confidence interval [CI]: 1.01-1.17; P = .019) [2] . The other reported a significant association between age and DS only at levels L4 and L5 (OR not reported; P < .001 and P = .02, respectively) among women, and only at L4 (OR not reported; P < .001) among men [3] .
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• In two studies which did not control for confounding, one reported a greater mean age for patients with DS compared with controls (with DS: mean age, 68.2 years; range, 42-93 years; controls: mean age, 46.8 years; range, 21-69 years; statistical significance not assessed) [4] , and one reported no association between age and DS [5] .
• Evidence across three studies suggests the risk of DS is higher for females.
• One study which controlled for confounding reported a 2.4-fold (95% CI: 1.1-5.2; P = .01) and 4.0-fold (95% CI: 2.5-6.2; P < .001) increase in risk of DS at L3 and L4, respectively for women. This study also reported a higher prevalence of DS among women (women: 8.3%; men: 2.7%, P value not reported) [3] .
• Two additional studies, which did not control for confounding, also reported a significantly higher prevalence of DS among women (women: 37%; men: 10%; P < .01) [5] , and reported that men had 95% lower odds of DS (OR = 0.05; 95% CI: 0.01-0.43; P = .006) [2] .
• Evidence across two studies evaluating the association between parity and risk of DS among women was inconsistent.
• One study, which controlled for confounding, reported no association between number of childbirths and DS (ORs not provided) [3] ; however, Sanderson and Fraser [6] , which did not control for confounding, reported that women who had borne children had a significantly higher incidence of DS than nulliparous women (28% versus 16.7%; P = .043).
• The following factors were not associated with DS in two or more studies: back pain [3, 6] and prolonged occupational sitting [2, 3] .
Common radiographic measures evaluated in multiple studies (Table 3) • Evidence across six studies evaluating the association between facet joint angle and DS is consistent and suggests the risk of DS increases with increasing facet joint angle.
• Of the six studies, five reported individuals with DS had a greater mean facet joint angle than individuals without DS (for L4-L5: DS: 57.1°-102°; controls: 40°-89.9°; all P < .05) [7-9, 10, 11] , and in one study, comparing oophorectomized and non-oophorectomized subjects, 
Facet angle
* DS indicates degenerative spondylolisthesis; NS, not significant; upward arrow, increased odds of DS; and downward arrow, reduced odds of DS. † At L4 and L5, women only. ‡ Facet joint orientation at L3-L4 and L4-L5, not significant for L5-S1. § Significant for non-oophorectomized women only. || Facets in sagittal plane; significant for both oophorectomized and non-oophorectomized women. ¶ Sacral inclination angle. ≠ Facet joint orientation. ** At L3-L4 (right and left), L4-L5 (right and left), and L5-S1 (right only) levels; also the proportion of subjects with sagittal orientation >45°) of both the left and the right facet. † † Traverse facet-joint angulation for L4-L5 (right, left and sum), L4 and S1. § § L4-L5. a greater proportion of DS than control subjects had facets in the sagittal plane (oophorectomied: 60.9% versus 10.2%, respectively; non-oophorectomized: 54.4% versus 24.2%, respectively; P < .01 for both) [10, 11] . None of the studies controlled for confounding.
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• Evidence across two studies evaluating the association between lumbosacral angle and DS was inconsistent.
• Imada et al [12] reported a significant increase in the lumbosacral angle among non-oophorectomized individuals with DS compared with controls; however, there was no association between lumbosacral angle and DS among oophorectomized individuals, and Cinotti et al [8] reported no association between lumbosacral angle and DS.
• Evidence across three studies evaluating the association between lumbar lordosis angle and DS was inconsistent.
• In one study, which controlled for confounding, lumbar lordosis angles were significantly greater among women with DS compared with women without DS; however, there was no association between lumbar lordosis angle and DS among men [3] .
• Two studies [10, 13] report no differences in the mean lumbar lordosis angle between individuals with DS and controls.
• Evidence across two studies evaluating the association between facet joint tropism and DS was inconsistent. • In one study, patients with DS had significantly greater facet joint tropism than controls (12.9° ± 9.54° versus 1.6° ± 7.25°, respectively; P < .05) [9] ; however, Cinotti et al [8] reported no difference in the proportion of DS and control patients with a facet joint tropism (P > .05).
• Evidence across two studies evaluating the association between pelvic inclination angle and DS was inconsistent.
• In one study [3] , which controlled for confounding, women with DS had significantly greater pelvic inclination angle at L4 and L5 (means not reported by case status, and ORs not reported; P = .009 and P = .007, respectively); however, there was no association between pelvic inclination angle and DS among men.
• In another study [13] , which also controlled for confounding, patients with DS had a significantly lower sacral inclination angle (pelvic inclination angle) than controls (36.42° ± 10.05° versus 41.91° ± 9.71°, respectively; P < .01).
Prognostic factors evaluated in single studies (Table 4) • In single studies, the following characteristics were associated with DS: any and bilateral oophorectomy, height and BMI (women only), heavy workload, practice of sport and lifetime work exposure and prolonged occupational standing (both associated with lower rate of DS) [2, 3, 12] .
• No association between the following characteristics and DS: unilateral oophorectomy, weight, BMI and height (men), and job workload category, manual material handling, load weight, professional vehicle driving, previous occupational trauma, occupational psychosocial risk factors, age at menopause, standing, walking and no daily repetitive lifting, and years lifting 50-250 × 20 kg/0-100 × 50 kg or 20-250 × 20 kg/10-100 × 50 kg daily [2, 3, 12] . Radiographic measures evaluated in single studies (Table 5) • The following radiographic measures were associated with DS: traverse process length, mean sagittal translation, and iliac crest height in single studies [4, 8, 13] .
• No association between the following radiographic measures and DS: traverse process width and mean angular motion was reported in single studies [8, 13] .
DISCUSSION
• The primary limitation of the evidence evaluating risk factors for DS is the poor quality of studies. Twelve of 14 studies were CoE III, and only two were CoE II. Most studies (all CoE III studies) did not attempt to control for confounding ( Table 6 ).
• In addition, comparison of results across studies is complicated due to the following differences in the selected study populations: • The selection of DS cases differed substantially across studies, with some studies restricting selection to patients with DS at L4-L5, and others including any DS regardless of the level.
• One study included patients who were undergoing surgery, which may be likely to include more severe cases of DS [14] .
• Some studies selected only symptomatic DS subjects [2, 10, [12] [13] [14] [15] and other studies do not report whether DS subjects were symptomatic [4, 5, 7, 8, 11, 16 ].
• One study selected older subjects [5] , and some selected younger subjects [13] , and in two studies, there were substantial differences in age between DS cases and controls [7, 16] .
• Most studies did not report whether cases were restricted to "degenerative forms" of spondylolisthesis [2, 3, 5, 7, 8, [10] [11] [12] [14] [15] [16] .
• Some studies presented all analyses stratified by subpopulation (ie, oophorectomy status, gender, level of DS) [3, 7, 8, [10] [11] [12] ].
• Our objective was to critically appraise and summarize evidence on risk factors for DS. To this aim, we accomplished our goal. Typically, the aim of such an exhaustive review is to identify risk factors that, from a clinical perspective, might be influenced by the clinician. For example, if the risk factor is environmental in nature and modifiable, steps could be formulated to decrease the risk, and ultimately influence the incidence or severity of the disease. If the risk factor is anatomical, it could be amendable to closer observation, or even surgical correction to prevent the clinical symptoms that accompany pathological progression. • In our systematic review, we found consistent evidence to suggest that the risk of DS increases with increasing age and is greater for females and people with a greater facet joint angle. Female gender and greater facet joint angle were consistently associated with an increased risk of DS across multiple studies. Increased sagittalization of the facet joints limits the ability to resist forward displacement, and surgeons have recognized this anatomical variant and its association with hypermobility and the development of DS (Figs 2 and 3) . This anatomical variant, although easily identifiable, is not amendable to modification. Female gender has also 
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